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AB In channels with dimensions much less than 1 mm, fluids with viscosities 
similar to or higher than that of water and flowing at low 
velocities exhibit laminar behavior. This allows the adjacent 
flow of fluids and particles in a channel without mixing other than by 
diffusion. The authors demonstrate the use of a 3 -input 
microf luidic device known as a T-Sensor for the anal, of blood. A 
sample solution (e.g. whole blood), a receptor solution (e.g. an indicator 
solution) , and a reference solution (a known analyte standard) are introduced 

into a 

common channel (T-Sensor) , and How side by side until they leave the 
structure. Smaller particles such as ions or small proteins diffuse 
rapidly across the quid boundaries, whereas larger mols. diffuse more 
slowly. Large particles (e.g. blood cells) show no significant diffusion 
within the time the flow streams are in contact. 2 Interface 
zones are formed between the fluid layers. The ratio of a property (e.g. 
fluorescence intensity) of the outer portions of the 2 interface zones is 
a function of the concentration of the analyte, and is largely free of 
cross-sensitivities to other sample components and instrument parameters. 
This device allows, for example, one-time or continuous 

monitoring of the concentration of analytes in microliters of whole blood 
without 

the use of membranes or prior removal of blood cells. The principle is 
illustrated by the determination of pH and human albumin in whole blood and 
serum. 

Results are also presented for 0-gravity expts . performed with a T-Sensor 
on board a NASA exptl . plane. Due to its microf luidic flow 
characteristics, a T-Sensor functions independently of orientation and 
strength of the gravitational field. This was demonstrated by exposing a 
T-Sensor to variations in gravity from 0-1.8 g in a NASA KC135A plane 
flying repetitive parabolic flight curves. 
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A novel instrument has been developed to study the microrheology of 
erythrocytes as they flow through channels of dimensions similar to human 
blood capillaries. The channels are produced in silicon substrates using 
microengineering technology. Accurately defined, physiological driving 
pressures and temperatures are employed whilst precise, real-time 
image processing allows individual cells to be monitored continuously 
during their transit. The instrument characterises each cell in a sample 
of ca. 1000 in terms of its volume and flow velocity profile 
during its transit through a channel. The unique representation of the 
data in volume/velocity space provides new insights into the 
microrheological behaviour of blood. The image processing and subsequent 
data analysis enable the system to reject anomalous events such as 
multiple cell transits, thereby ensuring integrity of the resulting data. 
By employing an array of microfluidic flow channels we can 
integrate a number of different but precise and highly reproducible 
channel sizes and geometries within one array, thereby allowing multiple, 
concurrent, isobaric measurements on one sample. As an illustration of 
the performance of the system, volume/velocity data sets 
recorded* in a microfluidic device incorporating multiple 

channels of 100 mu-m length and individual widths ranging between 3.0 and 
4.0 mu-m are presented. 
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AB Dielectrophoretic/gravitational field-flow fractionation (DEP/G-FFF) was 
used to sep. cultured human breast cancer MDA-4 3 5 cells from normal blood 
cells mixed together in a sucrose/dextrose medium. An array of 
microf abricated, interdigitated electrodes of 5 0 urn widths and 
spacings, and lining the bottom surface of a thin chamber (0.42 mm H . 
times. 25 mm W .times. 300 mm L) , was used to generate 

DEP forces that levitated the cells. A 10-uL cell mixture sample containing 
. apprx . 50 , 000 cells was introduced into the chamber, and cancerous and 
normal blood cells were levitated to different heights according to the 
balance of DEP and gravitational forces. The cells at different heights 
were transported at different velocities under the influence of 
a parabolic flow profile that was established in the chamber and were 
thereby separated Separation performance depended on the frequency and 
voltage of 

the applied DEP field and the fluid-flow rate. It took as little as 5 min 

to achieve cell separation An anal, of the DEP/G-FFF results revealed that the 

separation exploited the difference in dielec. and d. properties between cell 

populations. The DEP/G-FFF technique is potentially applicable to many 

biol . and biomedical problems, especially those related to microf luidic 

systems. 
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AB A micron-resolution particle image velocimetry (micro-PIV) system 

has been developed to measure instantaneous and ensemble -averaged flow 

fields in micron-scale fluidic devices. The system utilizes an 

epif luorescent microscope, 100-3 00 nm diameter seed particles, and an 

intensified CCD camera to record high-resolution particle-image fields. 

Velocity vector fields can be measured with spatial resolns . down 

to 6.9 .times. 6.9 .times. 1.5 um. The vector 

fields are analyzed using a double-frame cross-correlation algorithm. In 
this technique, the spatial resolution and the accuracy of the 
velocity measurements is limited by the diffraction limit of the 
recording optics, noise in the particle image field, and the interaction 
of the fluid with the finite-sized seed particles. The stochastic 
influence of Brownian motion plays a significant role in the accuracy of 
instantaneous velocity measurements. The micro-PIV technique is 
applied to measure velocities in a Hele-Shaw flow around a 30 
um (major diameter) elliptical cylinder, with a bulk velocity of 
approx. 50 p.m/ s . 
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AB A microfluidic system was fabricated on a glass chip to study 
mobilization of biol . cells on-chip. Electroosmotic and/or 
electrophoretic pumping were used to drive the cell transport within a 
network of capillary channels. Whole cells such as Saccharomyces 
cerevisiae, canine erythrocyte, and Escherichia coli were employed in this 
work. Photographs are presented to illustrate how cells are selected and 
transported from one location to another within the capillary network, 
with velocities up to about 0.5 mm/s in capillaries with a 15- . 
times. 55-um cross-section. The mixing of canine erythrocytes 
with the lysing agent SDS' at an intersection within the chip was performed 
to demonstrate that cell selection and subsequent reaction can be 
accomplished within the microchip. 
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